Introduction: A reliable list of species and the analysis of diversity patterns of hyperdiverse taxa, like butterflies, are fundamental for monitoring and managing biological resources. Oaxaca is one of the most diverse states in Mexico for many groups including Lepidoptera and most of its diversity is unknown. Objective: to estimate and describe the species richness and diversity of Papilionidae and Pieridae along an altitudinal gradient and five vegetation types in the Loxicha Region, Oaxaca, Sierra Madre del Sur. Methods: Sampling effort comprised 222 collecting days during a period of seven years. We estimated the alpha diversity for 17 sites within an elevational gradient from 80 to 2 850 m, with five vegetation types: tropical deciduous forest (TDF), tropical sub-deciduous forest (TSDF), cloud forest (low and middle levels) (CF), oak-pine and cloud forest (high level) (OPCF) and oak-pine forest (OPF). Results: We obtained a list of 69 species (27 Papilionidae and 42 Pieridae), of 34 genera and five subfamilies, from literature records and fieldwork. These species are 60 % of the Pieridae and 48 % of the Papilionidae recorded for the state. The Loxicha Region has 36 % of the Pieridae and 30 % of the Papilionidae of Mexico. Both families present different species richness patterns by vegetation type. Papilionidae is richer in the TDF with 23 estimated species and most of the species of this family (84 %) occur below 500 m. Meanwhile, species richness of Pieridae has non-significant differences among vegetations types, except for OPF which has fewer species than the other types. The elevational gradient was divided into three levels (0-750, 750-1 800, 1 800-2 850 m) showing a reduction of species richness and diversity for both families at higher altitudes. Conclusions: Papilionidae species are more restricted to a vegetation type or elevational level than Pieridae species. Likely reasons are higher vagility (including migrations) and wider ecological tolerance of most Pieridae.
The main product of faunistic studies is the list of species of a specific geographic area. These lists allow the recognition of exclusive and characteristic species of each area, vegetation type or altitudinal level, including bioindicator species (Bonebrake, Ponisio, Boggs, & Ehrlich, 2010; González-Valdivia et al., 2011; Pozo, Luis-Martínez, Salas-Suárez, Trujano-Ortega, & Llorente-Bousquets, 2015) . Estimation of the species richness is fundamental in faunistic research because it gives confidence for the completeness of the list. A complete list of species at a local scale allows the recognition of diversity patterns at greater biogeographic scales (Beccaloni & Gaston, 1995; Martín-Piera, 2000; Monteagudo-Sabaté, Luis-Martínez, Vargas-Fernández, & Llorente-Bousquets, 2001; Magurran, 2006) . Therefore the analysis of the fauna of an area can be used to know the geographic distribution of the species; but also, the comparison of the fauna between related areas can be useful in the interpretation of ecological biogeography patterns like fauna exchange between areas or latitudinal patterns of diversity (Holt, 1993; Arita & Rodríguez, 2001; Rodríguez & Arita, 2005) .
Worldwide, ecosystems are being transformed at a high rate, making inventories of local diversity of unexplored areas a priority. This allows recognizing areas with high endemism or diversity. With this information, we can focus the conservation efforts and resource use policies, including the proposal of protected conservation areas. In the conservation context, Papilionoidea is known as a good bioindicator because of their diversity, enough knowledge about their natural history, easy sampling and identification, compared with other insects, and great functional importance in the ecosystem, being herbivores and pollinators (Sparrow, Sisk, Ehrlich, & Murphy, 1994; Kocher & Williams, 2000; Thomas, 2005; Pozo et al., 2015) . Particularly, Papilionidae and Pieridae have been used in Mexico as models for describing altitudinal patterns of diversity (Llorente-Bousquets, Trujano-Ortega, Luis-Martínez, Castro, & Vargas-Fernández, 2006 ; Oñate-Ocaña, Trujano-Ortega, Llorente-Bousquets, Monteagudo-Sabaté & Luis-Martínez, 2013) .
Oaxaca is one of the most diverse states in Mexico (García-Mendoza, Ordóñez, & Briones-Salas, 2004) . This is because five biogeographic provinces converge in the state; with Sierra Madre del Sur, Costa del Pacífico, and Golfo de México provinces covering most of the state area (Morrone, Espinosa-Organista, Llorente-Bousquets, 2002; Morrone 2005) . The Loxicha Region is located in the South of Oaxaca, as part of the Sierra Madre del Sur province. The lepidopterological history of the Loxicha Region has two periods, first during the 60's, E. Welling collected in the Region and that material was acquired by the Allyn Museum from which new species were described (Paramacera xicaque rubrosuffusa Miller, 1972 , Cyllopsis jacquelineae Miller, 1974 , Altinote stratonice oaxaca and Chlosyne gaudialis wellingi Miller & Rotger, 1979) . Later, in the late 70's and early 80's the De la Maza family also took interest in the region and described new taxa as well Fountainea nobilis rayoensis (Maza & Díaz, 1978) and Callicore texa loxicha Maza & Maza, 1983) . However, this is the first study with systematic sampling made in the Region.
The aim of this work is to estimate and describe the species richness and diversity of Papilionidae and Pieridae along an altitudinal gradient from 80 to 2 850 m and for each vegetation type present in the Loxicha Region. This study is part of a wider project whose objective is to describe the geographic distribution patterns of Papilionoidea (sensu Kristensen, 1976) in Oaxaca. The research is based on exhaustive faunistic inventories; with sampling focused on high diversity areas, in order to know the local distribution and phenology of the species, but particularly the endemic taxa of Mexico and Oaxaca.
MATERIALS AND METHODS
Sampling sites: Systematic sampling of the Papilionoidea of Oaxaca began in 2005 . In the Loxicha Region, sampling effort consisted of 222 collecting days along seven years (2005, 2007, 2008, (2011) (2012) (2013) (2014) in 17 sites of seven municipalities, all within the Sierra Madre del Sur mountain range in the Pacific slope. Systematic sampling of 10 or more days along the year, with at least five collectors each day, were made in 13 sites. In order to recognize diversity patterns, sites were grouped in three altitudinal levels: 0-750, 750-1 800, 1 800-2 850 m. These ranges were selected because they represent the natural upper and lower limits of the tropical, cloud and oak-pine forests in Mexico (Llorente- Bousquets, 1984; Rzedowski, 2006) . Sites also were grouped in five vegetation types: tropical deciduous forest (TDF), tropical sub-deciduous forest (TSDF), cloud forest (low and middle levels) (CF), oak-pine and cloud forest (high level) (OPCF) and oak-pine forest (OPF) (Table 1, Fig. 1 ). The classification of the vegetation follows Rzedowski (2006) , which has been the main classification used in Mexico because it considers the historical and ecological aspects of the vegetation types present in the country. The sites Puente Arroyo "El Guajolote" and San José del Pacífico 1 km S, in the altitudinal range of 2 000-2 400 m, have particular vegetation types. San José del Pacífico presents the high-mountain CF and Puente Arroyo "El Guajolote" marks the upper limit of the CF characteristic of the mid-level, as described by Llorente-Bousquets (1984) . Both sites present mainly OPF in the mountainsides, but in the rifts, where most of the species were collected, the CF is dominant. Therefore, the vegetation type on these sites was defined as a mix between low-altitude oak-pine forest and high-altitude cloud forest (OPCF) and is treated as an independent type, distinct from the highaltitude oak-pine forest (OPF) and the cloud forest of the low and middle levels (CF).
Taxonomic determination: Species identification was made by comparison with the specimens in the Lepidoptera Collection of the Zoology Museum, Facultad de Ciencias, Fernández, 2005) .
Taxonomic inventory:
The list of species was elaborated with the collected material, a review of previously published inventories for the area and material deposited in national and international collections . Data were obtained from the MARIPOSA database (Luis-Martínez et al., 2005) . Bousquets, & Luis-Martínez, 1999) . Sampling sites were ranked according to its species richness within Oaxaca and also compared with the diversity of the country (Llorente- Bousquets et al., 2014) . Species richness was estimated for each site and regions with non-parametric estimators Chao1, ACE, Chao2, and ICE (Colwell & Coddington, 1994; Chazdon, Colwell, Deslow, & Guariguata, 1998); using EstimateS 9 (Colwell, 2016) . Species richness of both families was estimated with the non-parametric estimator Chao1 (Colwell & Coddington, 1994) using SPADE (Chao & Shen, 2010) for each vegetation type (Table 1 , Fig. 1 ) and for the three altitudinal levels (0-750, 750-1 800, 1 800-2 850 m). For each estimation, a confidence interval (CI) (95 %) was calculated by bootstrap using the standard error. Significant differences were evaluated by the CI overlap between estimations. True diversity or effective number of species (Jost, 2006) was estimated as the exponential of the Shannon-Wiener (H') diversity index for each altitudinal level. Estimation was made with the Chao and Shen (2003) and Chao, Chazdon, Colwell, and Tsung-Jen (2005) method using SPADE (Chao & Shen, 2010) . Effective number of species is the diversity expressed on a linear scale, contrary to Shannon-Wiener (H') index which is on a logarithmic scale, therefore, the effective number of species can be compared directly between altitudinal levels, simplifying it interpretation (Jost, 2006) .
Comparison of the diversity of the

RESULTS
List of species:
The literature review and database MARIPOSA query (Luis-Martínez et al., 2005) resulted in a list of 57 species (22 Papilionidae and 35 Pieridae) of seven sites in the Loxicha Region (400-2 500 m). None of the sites had enough and systematic sampling effort or analysis of the distribution of the species. We captured 8 733 specimens ( Vargas-Fernández et al., 1991 , 1999 Llorente-Bousquets et al., 1997; Álvarez-García et al., 2016) . Four of the compared regions have enough sampling effort and lists of species have a completeness level above 88 %, according to the non-parametric estimations; for Sierra Mazateca (Álvarez-García et al., 2016) sampling effort data are not available, therefore estimations were not made.
Phenology: Temporal distribution of the species richness and abundance of these families is influenced by the seasons of the year (Fig. 2) . Richness and abundance are higher during the rainy season (May to October), a common pattern in insects at these latitudes. Diversity reaches its maximum value at the beginning of the rainy season (May), but abundance has its maximum just before the end of this season (October). After October, both parameters suddenly decrease, being December the month with fewer species and abundance.
Elevational diversity patterns:
Species richness and diversity (e H ) of Papilionidae decrease abruptly at higher altitudes (Fig. 3A) . Papilionidae species richness is higher below the 750 m, 81 % of the species are present in the low-level. No species of this family where recorded above 2 700 m On the other hand, Pieridae has more observed species in the 0-750 m range (Fig. 3B) ; however, estimated species richness is similar among the three levels, just a little higher for the mid-level (750-1 800 m; 38 species, 78 %) and lower for the high-level (29 species, 71 %). Even if species richness of Pieridae is similar along the altitudinal range, diversity is much higher in the low-level (Fig. 3B ). This means that species evenness is higher at the 0-750 level, Altitudinal abundance patterns: Like diversity, abundance is also higher at the lowlevel (79 %, 646 records of Papilionidae; 52 %, 4 111 records of Pieridae), decreasing as altitude increases. However, at the high-level, abundance patterns are different for each family. Papilionidae abundances at the middle and high levels were almost the same, 82 records (10 %) at 750-1 800 m and 91 records (11 %) at 1 800-2 850 m. In contrast to Pieridae abundance, with 34 % of the records (2 702) at the mid-level, and just 14 % (1 101 records) at the high-level.
Each level has dominant or characteristic species of Papilionidae. In the low-level Protographium epidaus fenochionis with 206 specimens accounts for 32 % of the records; in the mid-level Pterourus baroni is the most abundant with 30 records (37 %); dominance is higher in the high-level, 78 % of the specimens (71) 
Diversity patterns by vegetation type:
The altitudinal range with most species is from sea level to 750 m, where the TDF (42 species) and TSDF (52 species) are present, nine species are exclusive to these vegetation types. The high richness of species in these vegetational types, compared with the other types, is due to the diversity patterns of Papilionidae, with 22 species combined in the TDF and TSDF, 85 % of the species of this family in the Loxicha Region (Fig. 4A ). Species richness of Pieridae is similar among vegetation types, with just a difference of six species among the four lowelevation types; richness clearly decreases in the OPF (Fig. 4B) .
Diversity patterns by vegetation type are distinct for each family. In Papilionidae (Fig.   4A ), the TDF is the richest vegetation type with 23 estimated species, but 15 observed species. The highest observed richness of Papilionidae is for the TSDF with 20 species, but only 21 estimated species. These two vegetation types and the CF have similar species richness, but distinct species composition. The difference in the observed and estimated species richness in the TDF is due to the presence of rare species since six of the 15 species have only one record. High rareness increases the estimation value and the CI (Fig. 4A) . Sites with OPCF have lowest species richness of Papilionidae with three species recorded, a great difference compared with the other types, except OPF, where no species were collected.
Species richness of Pieridae in all vegetation types is higher than Papilionidae, and nonsignificantly different among types according to the CI (Fig. 4B) ; except for the OPF than have significantly fewer species than the other types. Pieridae in the TSDF and CF, the vegetation types with more species recorded, have the same observed (32) and estimates (33) species richness. Rareness is lower for Pieridae than Papilionidae, resulting in lower estimations and narrower CI (Fig. 4) . Estimations show that all vegetation types have enough sampling effort, except for Papilionidae in the TDF where more sampling effort is needed.
Abundance patterns by vegetation type:
The TSDF have the highest abundance for both families, 40% of the specimens of Papilionidae and 39 % of the specimens of Pieridae. The abundance of Papilionidae in the TDF is slightly lower (39 %), while for Pieridae the second type with most records is the CF (35 %). The difference of the abundance of each family in the TDF relative to other types is noteworthy, for Papilionidae this vegetation type has just 14 fewer records than the TSDF, but for Pieridae, the TDF is in fourth place with just 13 % of the abundance and 13 fewer specimens than the OPCF that is in third place. The OPF has the lowest abundance of both families.
Some vegetation types have dominant species. For Papilionidae dominance is clear in the OPCF where Pterourus m. multicaudata comprise 78 % of the records (71). In the TDF, 59 % of the specimens (185) are of Protographium epidaus fenochionis. Dominance is lower in the CF, where Pterourus baroni represents 37% of the abundance with 30 specimens. In the TSDF the most abundant Papilionidae species is Protesilaus macrosilaus penthesilaus, with 72 specimens, only 22 % of the records.
The dominance of Pieridae in the OPF is shared by two species Eurema salome jamapa (20 specimens) and Hesperocharis graphites avivolans (17 specimens) that together contain 64 % of the records. The OPCF shows a similar pattern with Eurema m. mexicana (355) and E. salome jamapa (323) comprising 65 % of the abundance. The genus Eurema is also dominant in the CF where E. salome jamapa has 37 % of the records (997), and in the TSDF with E. daira (669) and E. albula celata (403) representing 22 and 13 % of the records. Relative abundance among species is more even in the Most of the species were collected in two or more vegetation types. However, 10 species of Papilionidae and six of Pieridae are exclusive of a single type (Table 4) Halffter, 1976) ; while tropical forest endemic species are more related with the tropical communities of the Atlantic slope and Southeast of Mexico. These communities are, in general, similar to those in the Pacific Coast, although the North of Michoacán has distinct subspecies.
Species list has a high level of completeness according to the estimators (Table 3) . However, there must be some rare species yet to be recorded (Colwell & Coddington, 1994; Halffter & Moreno, 2005) . Species richness estimation allows the evaluation of completeness of the list and the comparison with other lists (Soberón & Llorente, 1993; Moreno, 2001) . It also generates reliable data for niche modeling providing presence data, but also absence data. If the species list of an area is more or less complete, then the absence of non-listed species can be assumed with a high level of certainty. These 'real' absences can be included in the niche models increasing the model support (Hirzel, Hausser, Chessel, & Perrin, 2002; Václavík & Meentemeyer, 2009 ). Llorente- Bousquets (1984) divides the Lepidoptera fauna of the cloud forests of Mexico in three altitudinal levels: first, the low level (600-1 400 m) has characteristic species associated with the neotropics; the mid-level (1 200-1 800 m) with fauna that diversified in the Central American Nucleus (sensu Halffter, 1976) ; second, the high level (1 800-2 600 m) described by Llorente- Bousquets and Luis-Martínez (1988) . In the Loxicha Region, the CF of the middle and high levels can be found along the cliffs surrounded by OPF. This is common also in other sites of the Pacific slope like Sierra de Atoyac de Álvarez, Guerrero and Sierra de Manantlán, Jalisco-Colima. In the Atlantic slope, Sierra de Juárez has the three CF levels, with the low-level in an ecotone with the Tropical Evergreen Forest. Generally, each level of each of these regions has its own endemic species, except for Sierra de Atoyac which species are shared with other sites of the Pacific slope in Sierra Madre del Sur.
Distribution patterns are clearly different for each family. Papilionidae are restricted mainly to low altitudes (80-750 m), with 81 % of the species in this range. This pattern is also seen in Riodinidae with 52 species, 84 % of the richness, in low altitudes (Arellano-Covarrubias et al., 2018) . The diversity of these two families, Papilionidae and Riodinidae, decreases suddenly above 1 500 m. Pieridae, on the contrary, do not show an evident decrease in diversity between 500 and 1 800 m (Fig.  3A) , with just three more species in the low altitudes. This pattern in Pieridae could be due to the wide ecological valence and dispersal capacity of the species of this family, except Dismorphiinae. Frequently, they make altitudinal migrations following cliffs, rivers, and streams. Six Pieridae species are distributed from sea level to 3 000 m and 15 species from zero to 2 500 m, combined these 21 species comprise 50 % of all Pieridae in the Loxicha Region. Contrary to Pieridae, Parides photinus is the only Papilionidae species recorded from 0 to 2 500 m, seven species are distributed from sea level to 1 800 m. These patterns agree with those found in other altitudinal ranges sampled in the last 30 years, in the Atlantic and Pacific slopes Vargas-Fernández et al., 1991 , 1999 . Phenology also agrees with the common pattern found for Lepidoptera in other faunistic studies in tropical regions of Mexico Vargas-Fernández et al., 1991 , 1999 Monteagudo-Sabaté et al., 2001) ; with adults flying in the rainy season from May through October, and most species undergoing diapause in the winter.
In summary, the list of species of the Loxicha Region is increased with five new records of Papilionidae and seven of Pieridae. This total is 69 species; 27 Papilionidae, and 42 Pieridae. New records are from vegetation types and altitudinal ranges previously undersampled and considered with low species richness and abundance. These records place the Loxicha Region as the most diverse within the Pacific slope and the second of the state of Oaxaca. The list of species has, at least, a level above 87 % of completeness according to the estimators. This means that sampling was sufficient, with the exception of the Papilionidae of the TDF and above 2 500 m for both families, where more sampling is needed to complete the lists. This completeness level allows the comparison of the list for faunistic, ecological or biogeographic research.
Ethical statement: authors declare that they all agree with this publication and made significant contributions; that there is no conflict of interest of any kind; and that we followed all pertinent ethical and legal procedures and requirements. All financial sources are fully and clearly stated in the acknowledgements section. A signed document has been filed in the journal archives. ACKNOWLEDGMENTS JLB and ALM thank the projects DGAPA PAPIIT IN212418, PAPIME PE202820, CONACyT 284966, and CONABIO JF018 for financial support. MTO thanks the Postdoctoral Research Fellowship CONACyT 284966. AAC thanks the Posgrado en Ciencias Biológicas de la Universidad Nacional Autónoma de México. We thank the Evolutionary Biology Department of the Facultad de Ciencias, UNAM, Armando Canavati, owner of the Hagia Sofía Ranch, and the authorities of the Parque Nacional Huatulco for the support during this project. To Sandra Nieves, Blanca Claudia Hernández and other colleagues and students who participated in the field work and Adriana Atzinameyali Sánchez Castañeda who processed the recollected material. The authors thank the reviewers for their comments on the manuscript. RESUMEN Distribución y diversidad de Papilionidae y Pieridae (Lepidoptera: Papilionoidea) en la región Loxicha, Oaxaca, México. Introducción: Una lista de especies confiable y el análisis de los patrones de diversidad de taxones hiperdiversos, como las mariposas, son fundamentales para el monitoreo y manejo de recursos biológicos. Oaxaca es uno de los estados más diversos de México y mucha de su diversidad aun es desconocida. Objetivo: Estimar y describir la riqueza de especies y diversidad de Papilionidae y Pieridae en un gradiente altitudinal y cinco tipos de vegetación presentes en la Región Loxicha, Oaxaca, en la Sierra Madre del Sur. Métodos: El esfuerzo de muestreo comprendió 222 días a lo largo de siete años. Se estima la diversidad alfa para 17 sitios dentro de un gradiente altitudinal de 880 a 2 850 m con cinco tipos de vegetación: bosque tropical caducifolio, bosque tropical subcaducifolio, bosque mesófilo (nivel bajo y medio), bosque de pino-encino con bosque mesófilo (nivel alto) y bosque de pino-encino. Resultados: Se obtuvo una lista de 69 especies (27 Papilionidae y 42 Pieridae), de 34 géneros y cinco subfamilias, a partir de los registros en la literatura y el trabajo de campo. Estas especies representan el 60 % de los Pieridae y el 48 % de los Papilionidae registrados para el estado. A nivel nacional, la región Loxicha tiene el 36 % de las Pieridae y el 30 % de las Papilionidae del país. Las familias presentan patrones diferentes de riqueza de especies por tipo de vegetación. Papilionidae es más rica en el bosque tropical caducifolio con 23 especies estimadas y la mayoría de las especies de esta familia (84 %) están por debajo de los 500 m Mientras que la riqueza de especies de Pieridae no presenta diferencias significativas entre los tipos de vegetación, excepto por el bosque de pino-encino que tiene menos especies que los demás tipos. El gradiente altitudinal se dividió en tres pisos (0-750, 750-1 800, 1 800-2 850 m) con una reducción de la riqueza de especies y diversidad de ambas familias en altitudes mayores. Conclusiones: Las especies de Papilionidae están más restringidas a un tipo de vegetación o piso altitudinal que las especies de Pieridae. Probablemente por la gran vagilidad, valencia ecológica más amplia y capacidad de migraciones altitudinales de la mayoría de las Pieridae.
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